INTRODUCTION
Dementia is a syndrome characterised by impairment of memory and other cognitive abilities as well as behavioural symptoms, severe enough to impair the ability to live independently. 1 The most common cause of late onset dementia is Alzheimer's disease, 2 3 comprising ∼70% of cases, but vascular and mixed dementias are also common, comprising up to 25% of cases. 4 Dementia prevalence increases after the age of 70 years 5 and may reach 50% in persons 85 years and older. 6 In 2013, the Alzheimer's Association estimated that 5.2 million people (1 in 8 elders) have Alzheimer's dementia (AD) cared for by 15 .4 million unpaid caregivers,
Strengths of limitations of this study
▪ Northern Manhattan Hispanic Caregiver intervention Effectiveness Study will be first study to compare the effectiveness of the New York University Caregiver Intervention (NYUCI) and Resources for Enhancing Alzheimer's Caregivers Health (REACH) interventions in any population. ▪ The study is a randomised controlled trial. ▪ The outcome data will be collected independent of the interventionists. ▪ The study will last 6 months, measuring shortterm, but not long-term effects. ▪ The study will have limited power for subgroup analyses.
including relatives and friends, resulting in US$214 billion in annual costs. 3 A recent publication from the Research and Development (RAND) corporation reported that dementia is the most expensive condition to care of, more expensive than even heart disease or cancer, including the costs attributed to the time spent in informal caregiving by relatives. 7 Despite increased understanding of dementia, no preventive or curative measure exists, 8 and results of trials of new agents are discouraging. 9 Consequently, the numbers of caregivers burdened by dementia will continue to increase. Hispanics, the fastest growing ethnic group in the USA, 10 is also the group with the fastest growing number of dementia cases. 11 Dementia prevalence in Hispanics is several times higher than in Non-Hispanic Whites (NHW) nationally (27.9% vs 10.9% in persons aged 75-84 years; 62.9% vs 30.2% in persons 85 years and older) 3 and in New York City. 12 13 The care of persons with dementia is challenging. [14] [15] [16] These individuals require intense supervision and care, risking caregivers' psychological, physical [17] [18] [19] and financial health. 3 Caregiver stress leads to premature nursing home placement (NHP) for the person with dementia, 19 20 but caregivers report emotional and physical stress even after NHP. 21 22 Most caregivers report no guilt after NHP, but this is less common in Hispanics, 3 23 who traditionally delegate less care of affected relatives to paid caregivers. 23 A 2011 nationwide telephone survey conducted by the Alzheimer's Association highlights Hispanic caregivers' unique characteristics. They are younger than NHW and Non-Hispanic Black (NHB); 3 less likely to be married than NHW; more likely to have children or grandchildren under age 18 in their household than NHW and NHB; more likely to be a primary caregiver than NHW and Asian-Americans (AA); more likely to make <US$50 000 annually than NHW and AA and more likely to need help balancing work and family and finding personal time than NHW. 3 Small studies show Hispanics experience more strain and less social support than other racial/ethnic groups, 24 25 despite extensive social networks, 26 and less acculturated Hispanic caregivers experience more depression. 27 In summary, Hispanic caregivers of a person with dementia experience more depression and higher burden due to unique cultural characteristics. Thus, our project focuses on Hispanics.
Two of the best-known and tested dementia caregiver interventions are the New York University Caregiver Intervention (NYUCI) [28] [29] [30] and the Resources for Enhancing Caregivers' Health (REACH). 31 32 However, the acceptability and effectiveness of the NYUCI and the REACH have never been compared. REACH has demonstrated efficacy among Cuban Hispanics in South Florida and Mexican Hispanics in California in a randomised controlled trial (RCT). 31 However, this trial was not sufficiently powered to test differential efficacy in these Hispanic subgroups and did not include Dominicans or Puerto Ricans, the most numerous Hispanic subgroups in New York City. The NYUCI has demonstrated efficacy in NHW spouse caregivers, and more recently in NHW adult children caregivers in Minnesota, 33 but does not have evidence of efficacy from a clinical trial in Hispanics.
Most dementia caregiving research, including NYUCI, REACH and its translation, REACH OUT, has been guided by Pearlin's stress process model (SPM). 34 The SPM proposes that caregiving context variables affect each part of the stress process and can have implications for the types of stressors facing caregivers. It also posits that the perception or appraisal of those stressors and social support are mediators that can affect outcomes such as caregiver depression and physical health. These mediators can be affected in positive ways by the REACH and NYUCI.
New York University Caregiver Intervention
The NYUCI was evaluated in a longitudinal RCT over more than two decades that included 406 spouse caregivers (89% NHW sample). 35 The intervention alleviated the deleterious effects of caregiving on the mental and physical health of spouse caregivers and postponed or prevented NHP of their spouses with AD. Moreover, the intervention's effects on caregiver depression were long-lasting and continued through NHP and death of the person with AD. 29 36 The underlying theme of the NYUCI is that improving social support improves the caregiver's ability to withstand the difficulties of caregiving and obviates or defers the need for NHP. Changes in caregiver reaction to the spouse's memory and behavioural problems, satisfaction with social support and depression collectively explained 61.2% of the intervention's effect on NHP of their spouses. A mediation analysis demonstrated that a substantial proportion of effect on change in these outcomes could be attributed to intervention-induced increases in the caregivers' satisfaction with their social support networks. 37 The intervention increased objective indicators of social support and more subjective measures. The effects of change in satisfaction with social support were found to be significant predictors of change in stress appraisals ( p<0.0001) and change in depression ( p<0.0001). Results of a recently published study demonstrate the effectiveness in of the NYUCI in postponing NHP among persons whose caregivers are adult children. 33 The NYUCI is listed and described in detail on the National Registry of Evidence-based Programs and Practices website.
Resources for Enhancing Alzheimer's Caregiver Health REACH I was an National Institutes of Health (NIH)-funded Cooperative Agreement where six intervention sites investigated six different intervention packages with a common outcomes assessment battery. The REACH group published outcomes from each site 38 as well as a meta-analysis of findings across the six sites. 39 In REACH I, Burgio and colleagues used a single treatment intervention. In this study, an equal number of NHB and NHW spouse and adult child caregivers were trained in behaviour management and general problem-solving skills. 40 The intervention was effective in reducing behaviour problems in care recipients 41 This was also the first study to show a differential response to a caregiver intervention based on race and relationship factors. 40 The findings of the meta-analysis 39 showed that the most efficacious interventions were multicomponent, action-oriented and were conducted in-home. On the basis of these results the investigators designed what is known as REACH II. This intervention was tested using a multisite RCT. The REACH II intervention was an intensive tailored caregiver intervention that employed multiple components to address multiple needs of caregiver (spouses/children)-care-receiver dyads. The driving therapeutic approach was problem solving. Equal numbers of NHB, NHW and Hispanics were recruited into the study. There was significant improvement in a composite measure of quality of life compared to no treatment controls in all ethnic groups. 31 REACH OUT is the most recent, less intensive adaptation of REACH that has been implemented and tested in community settings and will be used in this study. The North Carolina REACH II Translation Project (contract number 90AE0325t) was funded by the Administration on Aging (AoA) and conducted from 10/01/08 to 09/30/11. This was an attempt by the North Carolina Division of Aging & Adult Service (NCDAAS) to implement the REACH II RCT treatment protocol with complete fidelity. However, the RCT protocol was shown to be too intensive for practical use in the community. All aspects of the project, including the number and duration of sessions, breadth of the outcome assessment and treatment implementation battery, and complexity of the intervention were beyond the scope of a community service organisation, in this case the Agencies on Aging in North Carolina. Consequently, in 2010 NCDAAS applied for and received funding from AoA to examine the translated REACH OUT protocol (2010) (2011) (2012) (2013) . Also in 2010, AoA funded the State Agencies on Aging of Vermont and Puerto Rico to implement REACH OUT for their elders and their caregivers. REACH is listed and described in detail on the National Registry of Evidence-based Programs and Practices website. REACH OUT is listed as an evidence-based treatment on the Alliance for Caregiving and Roselyn Carter Center for Caregiving websites.
Comparison of NYUCI and REACH
We chose to test the NYUCI and REACH OUT because they are the better known and more widely recommended caregiver interventions with established efficacy 42 43 as demonstrated by their support by the AoA and their acknowledgement in a recent report by the Alzheimer's Association. 32 NYUCI and REACH OUT have important similarities: (1) they are based on the same conceptual model, (2) are designed to ameliorate caregiver depression and subjective stress/burden, (3) involve direct interaction between the interventionist and the caregiver/family, (4) the interventions focus on similar skills/topics during intervention and (5) both allow tailoring of the intervention to the needs of the caregiver/family. However, they differ on two characteristics that prior research has found to be potent factors in interventions: therapeutic technique and mode of delivery. REACH OUT focuses on skills training through the use of action-oriented formal problem solving, goal setting, written action plans, homework assignments and therapist tracking. NYUCI focuses on reducing negative family interactions, improving family support of the primary caregiver and helping the caregiver to understand and react more effectively to the behaviour of the person with dementia. The second difference is in the mode of delivery-and it is one of degree. Although the Hispanic version of REACH OUT encourages family involvement, it is still primarily an intervention focusing on a primary caregiver. NYUCI requires that caregiver and family or friends participate in counselling sessions. Finally, although both interventions are tailored, the tailoring corresponds with the content and the therapeutic technique (eg, styles of counselling) for the caregiver/family in the NYUCI, based initially on the intake assessment and modified in response to the needs and desires of the primary caregiver and family, as revealed in the counselling sessions; whereas REACH OUT uses a standardised risk assessment at intake to choose which skill areas are emphasised.
Study aims, hypothesis and design
The primary research question of the Northern Manhattan Hispanic Caregiver intervention Effectiveness Study (NHiCE) is which of two of the best-known dementia caregiver interventions, the NYUCI or REACH OUT, is more effective in alleviating depressive symptoms and caregiver burden among Hispanic caregivers in New York City. Our primary aim and our statistical plan is to compare the effectiveness of the NYUCI and REACH OUT. In our secondary aims, we will explore the predictors of effectiveness for each. These secondary analyses will provide practical information on who benefits the most from each intervention.
We hypothesise that the NYUCI will be more effective than REACH OUT in reducing caregiver depressive symptoms and burden among Hispanics because of its focus on family-centred counselling, which is posited to be more important among Hispanic caregivers because of a cultural emphasis among Hispanics on family interactions in interventions.
METHODS AND ANALYSIS
In order to answer our primary question, we are conducting a pragmatic randomised trial comparing the NYUCI versus REACH OUT in 200 Hispanic caregivers of persons with dementia in the New York City. The total time of the intervention is 6 months. We have powered and designed the study to answer the primary question. However, we have additional questions that could also be of importance to caregivers that we have termed exploratory because we do not know if our study is powered to answer those questions, although we may be. These questions include whether the NYUCI and REACH OUT have differential effectiveness on caregiver stress and physical health, and whether there are caregivers who benefit more from the NYUCI or REACH OUT depending on their characteristics such as family position and acculturation level.
Rationale for study design NHiCE is funded by the Patient-Centered Outcomes Research Institute (PCORI). We took into consideration the PCORI draft methodology report in deciding which study design to use. 44 This included randomised trials and non-randomised studies. Since there has never been a comparison of the NYUCI and REACH OUT, we decided to conduct a randomised trial. We consider this trial as pragmatic because we do not have the strict inclusion criteria of the efficacy studies of the NYUCI and the REACH and because we are conducting the study in a community setting partnering with stakeholders in a way that resembles how the interventions would be implemented in real life. For example, we do not limit participants to caregivers of persons with Alzheimer's disease only but include caregivers of persons with any type of dementia. We also include any relative caregiver, not only spouses or adult children. Our experience in prior work with a similar population has taught us that this sample is the most representative of Hispanic caregivers in New York City. These other types of caregivers were not included in the prior evaluation of the REACH, which included only spouses and adult children. Increasingly, active control (comparison) groups are included in RCTs, 45 and comparative effectiveness trials, including observational studies, 46 are becoming commonplace. Our view is that randomised clinical trials remain a method of choice, when feasible; 47 however, analytic methods that include examination of 'dose received' should be considered. 48 Our design is to compare two evidence-based interventions that have not been compared head-to-head among Hispanic caregivers. An active comparison group that receives the REACH OUT intervention will be included in this study, with one treatment group (NYUCI). We framed the study as a superiority trial of NYUCI over REACH.
Study population and participants
The sampling frame for this study is the Hispanic community of New York City, primarily from Northern Manhattan. The main catchment areas of Columbia University Medical Center (CUMC), where the study is based, are Washington Heights-Inwood (WH) and Central Harlem, which comprise Northern Manhattan. WH begins at 155th Street and extends northward to the tip of Manhattan Island. WH is bounded on the west by the Hudson River and on the east by East River. WH is predominantly Hispanic with 75.2% of the population reporting that they were of Hispanic origin in the 2000 Census. WH has the largest Dominican community in the USA (10% of the total). Dominicans comprise about 75% of Hispanics in WH. The other Hispanic subgroups in WH are Puerto Ricans, Mexicans, Cubans and Ecuadorians who make up 8%, 3%, 3% and 2% of WH Hispanics. Central Harlem, spanning East-West from the Harlem River to Morningside Avenue, and North and South from 155th Street to 110th Street in Manhattan, also has a growing Hispanic population now exceeding 25%. The most recently updated community health profile for WH shows that 32% of the adults in the community rate their own health as fair or poor, significantly higher than the citywide average of 21%. Fewer have health insurance, with 33% un-insured or only partially covered, compared to 27% citywide. One-third (32%) also have no primary care provider, compared to 24% citywide, and among immigrants, 37% do not have a regular provider. Depression and severe mental illness are greater problems in WH than in the rest of the city. Dementia and cognitive impairment in general are also higher in Hispanics in this population compared to NHW in Northern Manhattan.
All study participants are adult informal caregivers of a person with a clinical diagnosis of dementia. An additional requirement for participation is that, in each family, the person with dementia or the caregiver has to have at least one relative or close friend living in the New York City metropolitan area. The caregiver must be emotionally and physically capable of participating. Caregivers with clinical depression that is treated can participate in the study. Those not treated will be referred for treatment. Caregivers with depression with psychotic features or suicidal ideation will not be eligible to participate and will be referred for treatment if not under treatment. Caregivers with other severe psychiatric illnesses such as schizophrenia are not be eligible to participate. The full list of inclusion criteria is listed below.
Inclusion criteria ▸ Self-identified Hispanic. ▸ Between the ages of 18 and 90. ▸ Caregiver is related to persons receiving care either as a spouse (including common law partners) or a blood or in-law relative. ▸ Person receiving care has been diagnosed with dementia and reports at least one memory/cognition and one daily functioning symptom at our screening questionnaire. ▸ Caregiver is physically able to provide care. ▸ Caregiver does not have a diagnosis of major psychiatric disorder other than depression. ▸ Caregiver does not have severe depression characterised by a score of ≥20 on the on the Patient Health Questionnaire-9 (PHQ-9).
▸ Caregiver does not have depression with psychotic features or suicidal ideation or attempts in the last 5 years. ▸ Caregiver is expected to live in New York City in the next 12 months (or willing to do the interview in NYC). ▸ There is at least one relative or close friend living in the New York City Metropolitan Area (New York, New Jersey, Connecticut, USA). ▸ Caregiver is not currently receiving counselling for caregiving issues on a regular basis. ▸ Care recipient is not in a nursing home. ▸ Caregiver will not be travelling for >2 weeks during the study period. ▸ Hearing is sufficient to allow for communication.
Exclusion criteria
▸ Other than depression, caregiver has a major psychiatric disorder such as schizophrenia. ▸ Severe depression characterised by a score of ≥20 on the PHQ-9. ▸ Caregiver has depression with psychotic features or suicidal ideation in the last 5 years.
Recruitment and retention strategies
Our recruitment strategy is based on previous experience 49 
Study arms
There are two arms in the study, the NYUCI and the REACH OUT. The NYUCI and REACH OUT have six visits in 6 months of similar duration in addition to ad hoc visit contacts in those 6 months followed by ad-hoc contacts only after 6 months and after month 12. Thus, an important premise of this study is that the two interventions have similar 'doses' and only the mode of delivery is different. In addition to the specific NYUCI and REACH OUT interventions, all participants are referred to a dedicated social worker for an intake interview for social work needs, such as medical insurance, help with housing. This social worker is based at our community partner, Riverstone Senior Life Services.
Summary of NYUCI intervention
The first component consists of two individual and four family counselling sessions that include relatives or close friends suggested by the caregiver. The content of these sessions is determined by the needs of each caregiver and other participating family members (eg, learning techniques for management of troublesome patient behaviour, and promoting communication among family members). These sessions last between 1 and 1.5 hours. The second component of the intervention is participation in a support group to provide the caregiver with continuous emotional support and education. The third component of the treatment is 'ad hoc' counsellingthe continuous availability of counsellors to caregivers and families to help them deal with crises and with the changing nature and severity of their relatives' symptoms over the course of the disease. The emergence of new psychiatric and behavioural problems of patients, which are generally more stressful than the need for assistance with activities of daily living or physical limitations, often precipitate ad hoc calls from caregivers. Ad hoc counselling makes it possible for caregivers and families to determine the amount of contact they have with the counsellors beyond the scheduled structured sessions. Ad hoc counselling will be available during the 12 months of subject participation.
The NYUCI is delivered by a bilingual (English, Spanish) social worker with experience in dementia and caregiver issues.
Summary of the REACH OUT intervention
All aspects of the REACH OUT intervention involve problem-solving techniques and the development of written action plans. The goal of this intervention is to engage the caregiver in joint problem solving with the objective of creating a written action plan targeting specific caregiving problems (eg, improving caregiver health, resolving dangers in the physical environment and care recipient problem behaviours). Problem-solving strategies are used to generate relevant information about the 'target problem' and the overall caregiving situation, with special emphasis placed on the context in which the target problem occurs. In general, problem solving should be thought of as a 'mindset' or guiding strategy to use when working with the caregiver to develop and modify action plans over the intervention period. The basic steps of problem solving are as follows: (1) define the problem, (2) set goals, (3) brainstorm with caregiver and list possible solutions on a pad of paper, (4) select solutions, (5) develop an action plan based on these solutions and (6) implement the action plan, track progress and make adjustments as needed. The first step in REACH OUT is to use a risk appraisal to determine how much emphasis to place on each of the intervention components. Thus, the intervention is standardised with respect to the components available but varies with respect to the dosing or depth of treatment delivered for each component. The tailoring of the intervention is guided by the findings of the risk appraisal.
There are six specific skill sets taught to the caregivers: (1) education about dementia, caregiving and stress; (2) helping the caregiver stay healthy; (3) keeping the home safe for the dementia patient; (4) teaching the caregiver how to maintain emotional well-being though relaxation, (5) behaviour management and (6) enhancing social support. The basic delivery elements of the intervention are as follows: intervention occurs over 6 months; there are six in-home sessions, ∼1-1.5 hours in length, similar to the NYUCI. Under exceptional conditions, up to 2 in-home sessions can be substituted by therapeutic telephone sessions (at least 30 min with a maximum duration of 90 min); caregivers receive a Caregiver Notebook that contains educational information about dementia, self-care, safety and other relevant caregiver issues. The Caregiver Notebook will also include copies of all action plans. The Caregiver Notebook serves as a tool for organising intervention materials and a resource guide for the caregiver to use during and after the intervention; the Case Manager reviews specific issues related to dementia, caregiving and stress using education material provided in the Caregiver Notebook; the counsellor provides individualised action plans to address targeted problems such as care recipient behaviours, caregiver health behaviours and social support.
The counsellor teaches caregivers how to enhance their emotional well-being. This is performed by teaching relaxation techniques and, if indicated, pleasant events training. The REACH Counsellor will have similar qualifications to the NYUCI counsellor.
Justification for duration, treatment dose and adherence
The NYUCI 36 and REACH 31 were tested as 6-month intervention in efficacy studies. In the case of the NYUCI, the efficacy studies included an ad-hoc intervention period after the original 6 months. The adaptations of both that are currently being implemented also last 6 months. The NYUCI and REACH last 6 months and have an equal number of study visits. Thus, it seems reasonable to postulate that the dose of both interventions is comparable. However, we will measure intervention fidelity and ad-hoc contact with the therapists for each intervention during the 6-month intervention period in order to ensure that both interventions are comparable. If there are differences, we will adjust for these differences in post hoc analyses and report these results.
Randomisation
Following consent, determination of eligibility and completion of baseline measures, the coordinator will alert the data coordinating center electronically either via encrypted email or data uploads to a secure server. Respondents will be randomised 1:1 to comparison treatment groups. The randomisation algorithm accommodates rolling enrolment, and the results are checked periodically for balance.
Rationale for choice of outcomes and outcome measures
The original assessment used by the NYUCI and REACH included scales to measure burden. The NYUCI also used a measure of depression that is used in NHiCE. The primary outcomes are caregiver depression and burden. Secondary outcomes include caregiver health, measured with the caregiver physical health form 50 and the Patient Reported Outcomes Measurement Information System (PROMIS) Physical Health Scale, [51] [52] [53] and caregiver stress measured by the Perceived Stress Scale. 54 Potential covariates include the Revised Memory and Problem Behaviour Checklist, 55 the Stokes Social Network Scale 56 and an assessment of the severity of patient dementia, the Global Deterioration Scale. 57 Acculturation and type of caregiver (spouse or daughter) may be important moderator variables that will be informative in descriptive analyses identifying which interventions work for which subgroups of individuals.
Although there are numerous measures of depression, the selection of the Geriatric Depression Scale (GDS) as the primary measure of depression was based on the use of this measure in studies of the NYUCI, and findings from the literature related to differential item functioning (DIF) in measures of depression. Although there are few studies of DIF among Latino samples, our review 58 of DIF in depression measures showed that many Center for Epidemiologic Studies Depression Scale (CES-D) 59 items were biased for ethnically diverse groups. Thus, we decided to use the GDS, 60 which although also containing items with DIF, has fewer such items and less with somatic content. The latter have been found to be problematic with older individuals with comorbidities; 61 we expected that such individuals would likely comprise a large part of the caregiver sample. We also use the shortform depression measure from the NIH PROMIS item bank. 62 63 This measure has been found to be relatively DIF-free 64 with low magnitude of DIF in Latino elders. 65 Owing to its primacy in studies of depression, it was included as an exploratory end point measure.
The Zarit Burden Interview (ZBI) measures dementia caregiver burden and collapse 66 and has evidenced acceptable reliability. The ZBI has been shown to improve in Hispanic communities in South Florida in the REACH intervention. 31 67 68 Since an objective of the NYUCI and REACH is to alleviate caregiver burden, we chose to include a measure of caregiver burden previously used in Hispanics in the REACH study and in the RCTs of the NYUCI as a coprimary outcome.
Rationale for examining heterogeneity of treatment effects Owing to low power for subgroup analyses, heterogeneity of treatment (HTE) effects will be treated as descriptive as defined in the methods guidelines for PCORI. 44 Subgroups examined will include type of caregiver (spouse, daughter) and level of acculturation, measured using the Bidimensional Acculturation Scale for Hispanics. 69 As behaviours and attitudes of the 'majority culture' blend with those of the 'minority culture' via the process of acculturation, a shift towards individualism might be observed, potentially impacting the familistic norms to provide elder care.
Analytic methods
It is expected that those assigned to the NYUCI intervention will, on average, exhibit greater 6-month decreases in ZBI and GDS than those assigned to the REACH condition. The relative effectiveness of the NYUCI will be examined in order to determine whether the intervention does more good than harm relative to the REACH as provided in the usual circumstances found in the community. 46 Our primary approach to analyses will be intent-to-treat (ITT). Although ITT is not optimal under certain circumstances, for example, high levels of nonadherence, other analytic approaches, for example, as treated, result in bias associated with limited causal inference due to compromised random assignment. Depending on the level of missing data, analytic strategies discussed below can be used in comparative effectiveness research to address non-compliance, for example. 70 The primary analyses will use mixed random effects models, and a full information likelihood (FIML) approach, with sensitivity analyses using generalised estimating equation (GEE). 71 The change from pretreatment to post-treatment values of continuous outcomes will be modelled as functions of baseline values, treatment and the interaction of baseline and treatment. A general longitudinal mixed effects model using SAS PROC MIXED will be used to allow for the possible group heterogeneity in residual variances and serial correlations that may require modelling to satisfy model assumptions and improve model fit.
Depending on the observed correlation between the dependent variables, MANOVA will be performed in sensitivity analyses and MANCOVA in subgroup analyses. A significant interaction term for one of the groups would indicate that the effect of one of the treatments is different for ZBI and GDS; in that case, two treatment effects will be estimated for each outcome. If the interaction is not significant, a model with only main effects for the outcomes and treatment will be fit and the treatment effect (common for ZBI and GDS) will be estimated from this model. In addition to significance testing, we will estimate the treatment effects with 95% CI. Bartlett's test of sphericity will inform about the degree of intercorrelation among the outcome measures in order to determine suitability of the basic MANOVA model.
Heterogeneity of treatment effect
As specified in the methodology report to PCORI, because there is an interest in examining subgroups to help determine for which individuals interventions may be effective, we will perform descriptive HTE by adding the potential effect modifiers, acculturation and type of caregiver into the MANCOVA model as interaction terms. Thus, the model described above will be changed to k c =3 exogenous baseline covariates that include terms for group, time by group and main effects and interaction terms for acculturation and type of caregiver (spouse, child).
Bias and missing data Randomisation should obviate the need for covariates in the primary analyses of effectiveness of the NYUCI. However, selection and attrition bias and failures of randomisation may occur. If one or more sources of potential bias are identified, the predicted values from those analyses will be included as covariates in sensitivity analyses. Depending on the degree of attrition bias, another approach is to perform propensity score analyses, in which the treatment groups are combined, and a logistic regression predicting original group membership from covariates performed. The resulting probabilities are then arrayed in quintiles, and the participants within each quintile randomly assigned to new groups. The analyses will be re-run with the new group designations in order to determine if the effects were similar in the new analyses with groups equalised.
Treatment of missing data Using the above-described maximum-likelihood approach to estimate treatment effects, we will include the baseline data for these participants in the analysis. Under the assumption that the missing data are either missing completely at random (MCAR) or missing at random (MAR), this method, in conjunction with the covariate to adjust for attrition bias (if necessary), yields ITT parameter estimates that are consistent with what would be expected if there were no missing data. Although it is anticipated that there will be little missing data, if large amounts of missing data are observed, methods such as multiple imputation or propensity score matching will be considered.
Intervention dose
Sample size permitting, exploratory analyses will be conducted so as to investigate the impact of differential participation, stratifying the participants in the treatment conditions based on their degree of participation and examining differences between strata on the outcome measures at follow-up. We will examine the subset of the intervention group that followed the protocol. Specifically, a dose-response of the intervention will be examined in several ways: continuous, binary (received or did not receive the intervention) and ordinal. The designations for the binary and ordinal variables will be determined based on clinical judgement about what constitutes completion and varying levels of completion. SAS Proc Mixed will be used for the dose-response analysis of the ordinal (categorical) number of sessions attended. ANCOVA will be used for the primary outcomes, adjusting for baseline values, within the intervention group. We will also create an ordinal variable of levels of adherence with the control group as the reference group. Although the benefits of randomisation are lost to some extent, this approach will inform about dose-response.
Analyses and sample size calculation
The sample size calculations are based on the number of participants needed to provide adequate power to test the primary hypothesis related to group differences in depression and burden at 6-month follow-up. The primary power calculations assume separate analyses of burden and depression measures; however, the use of MANOVA to perform a simultaneous test was also considered because it is generally more powerful and makes use of more information. In addition, although FIML estimation procedures will be used for the primary analyses, thereby allowing us to include participants who do not complete the follow-up assessment (on an ITT basis), the power calculations include scenarios in which there is loss to follow-up as large as 20%. Effect size estimates (Cohen's d 72 ) for depression and burden were obtained from prior studies of caregivers.
Assumptions for power calculations
The estimate used in the power calculations for α (reliability) was 0.85 and for r (correlation between time 1 and time 2) between 0.50 and 0.70. The estimate used for σ ( pooled SD) was ≈9.8 for the Zarit and 7.47 for the GDS (table 1) . A SAS macro was used for power calculations.
Power for primary analyses
In addition to standard power calculations to examine group differences in end point measures (shown in figures 1 and 2) , also examined were different scenarios regarding correlations between baseline and 6-month follow-up outcome measures.
The following formula from Fleiss (ref. 73 , pp. 4-5) was modified to include different scenarios related to correlations between the two waves of data:
, adjusting for unreliability: n ¼ n Ã =R. Assuming a sample size of 100 per group, and ρ (correlations between waves of data)=0.5, 0.6 and 0.7, the resulting estimates of effect sizes are δ=4.21, 3.77 and 3.26 for ZBI and δ=3.21, 2.87 and 2.49 for GDS, thus demonstrating that a medium effect size (Cohen's d=0.33 to 0.43) could be detected with this sample size.
Power for sensitivity and descriptive effect modification analyses Assuming that the outcomes are correlated, power for MANCOVA was performed, taking into account possible baseline differences (by entering time) and adjusting for unreliability. Additionally, the calculations below assume that there is 20% attrition and missing data in some of the effect modifiers, for example, acculturation. We also modelled different correlations between the first and second waves of data, using the following formula: R see table 3 ) or between 3 and 5 points on the ZBI and 2.5 and 4 points on GDS end point means, roughly equivalent to a 0.3-0.5 SD end point difference in means, a moderate effect size for the primary analyses, assuming 100 per group. Conservatively, under the assumptions specified above regarding attrition and inclusion of potential effect modifiers, 80 participants per group will provide power ≥0.80 to detect a 4 to 5 unit differential change in depression and burden. This is based on testing the time×group interaction, entering acculturation, type of caregiver (spouse, daughter) and the interaction of group by these terms in a MANCOVA, allowing for heterogeneous variances and modelling correlations between measures and over time. Even if the pooled variance is higher than assumed, medium effect sizes are still detectable. Thus, 80-100 participants per arm will provide sufficient power to detect the hypothesised difference between the two study arms.
The study is monitored by a three member Data Safety and Monitoring Board (DSMB) that is convened twice a year. The DSMB comprised an expert in clinical trials of behavioural interventions, a neurologist with expertise in dementia and mental health and a psychiatrist. The DSMB is provided with up-to-date recruitment and adverse events data.
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